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Description 

ior producing the same biosensors have 

measurement and control °' b "~l^, M blood k 
hitherto WoyeO <*»*"*• ", u the 

™ SSttSS » "to carter, 
enzyme reechom The Dtoot u 

„) a change ot ^a,. 

qu ite««.ly determined » ™ 
uid sample is droppe C 1 or m P 

p » ia determined ta. . "T^*^!, 



. ♦ „*. astern « pans including the electrodes 

6 m h« d2oTaWy replaced whenever the mea- 
couW be d.sposaW P ng ^ 

surement is ettecteo. , d 

wouId «-^ h ^Jl ,, lSU materi- 
5 be very expens ve m view ent . W - 

als such as p b e formed by 
though the Ptetinurnel^e s may 

,o manufacture. volum9 49 

The reference J. Agnc. diu 

SeUode with a oitrc^l^eWoK 

» .« therefore the ob ect of the presem mv*. 

-t-ssrsr *.> 

Accrtng to the ' SJ^^MrtB,).*. 
«IWbyl>rovKl.rr9»t>^" t< ' „„„ 

embodiment of the invention, and ng. » ■» 
40 ^section of the biosensor shown ,n Pig- 7. 



Example 1 

» censor for glucose is described as one em- 

pSe "nWning . met" ** ' ff^, 
Leen p**Q. oh » — ^«m 0 ll?« 

j -ik ThA electrode system is partially cov 
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erodes acting as electrochemical sites MM 
by heating to form an insure layer £ Sub* 

W ™Z*T* Punched hoiding frame 17 of a 
« 0 n7vme and an electron acceptor is piacea 

Xe 2T « - ** the e,e r des 

V3 14 td 15' are completely covered. A ream 
ove 19 having an opening which is > smaHer than 
L outer diameter of the perforated body 18» 
tdhered thereby obtaining an integrally assembled 
sensor The sectional view of this biosensor taken 
atong U the measuring electrode 14 is shown .n 
F°g 3 The perforated body used above .s fab- 
ricated as follows: a nylon non-woven fabnc .s 
Sded as a base; the base is dipped m a solu- 
vln nf 200 mo of glucose oxidase as an oxydo- 
e"u™400 ^ of potassium ^cya^e as 
an electron acceptor dissolved m 1 ml of a phos 
nhate buffer solution containing 0.25 wt/<» of a 
riie active agent (polyene glyco a^- 
nhenvl ether) and having a pH of 5.6 and im 
Sd in ethane, containing 0.25 wt% o, a surface 
active agent for crystallization; and I the thus .m 
mersed base is dried under reduced pressure to 
obtain a perforated material. 

A glucose standard solution prov.ded I as a liq- 
uid sam >e was dropped in the P-*^ «"* * 
the thus fabricated sensor. Two m.nutes after he 
dropping, a pulse voltage of 700 mV based on he 
Snce efectrode was applied by w -ch the 

Z ^m potassium ferrocyanide. Upon the appl^on 
Tm pu.se voitage for the anod.c polar.za.on a 
current for the oxidation in proporton to a con 
Son of the formed potassium 
obtained. This current value corresponds to a con 
centration of the glucose substrate. 

Fin 4 shows the relation between a current 
obtained 10 seconds after application of the voltage 
and a glucose concentration as one of response 
SaracteLcs of the sensor. revea.ing a very good 
linearity. 

Example 2 

The procedure for fabricating the sensor for 
glucose as described in Example 1 was repeated 
xcept that the thermal treajent after 
the carbon electrodes was effected at 100°C, 70"o, 
Sc and 50°C. and that the heat treatment was not 
Icted thereby fabricating a plurality of sensors 



s response current taken as 100 A tor v 

using the electrodes thermally treated at different 

variation is great for 50 o ana aiw 
treatment. This is considered to resutt from he 
that the exposed surface porbon o It e polled 
carbon printed electrodes is not stabilized, wnen 
„ Z Techode surface was not polished, a response 
, 5 the eiectrooe su p0 |ished elec- 

current was about 1/3 ot tnai ui y hptween 
trodes The difference in response current between 
he polished and non-polished electrodes is cons.d- 
ered to be attributed to partial covenng of the 
20 caroon surface with a resin component contamed 
20 as a binder in the paste. Polishing can remove the 
resfn binder from the carbon electrode surface and 
can untormly smooth the electrode surface. In 
Tddition Vheat treatment a, temperatures no 
« lower than 60°C, preferably 60 - 170°C for J a 
" hTurs permits the the exposed electrode port.on to 
become stabilized. . 

According to our experiments, when the hea 
treatment was effected at a temperature of 70 
!Sc for 4 hours, good results were obtamed .n 
" Z ll variaL in response current after storage 

cannot be obtained when the heat 
treatment is effected at temperatures not h.gher 
35 than Zc as discussed above. On the contrary the 
35 S treatment at temperatures higher *anJ^C 
<=hn.,ld rather be avoided because the polyethylene 
££££ substrate of the sense r tends to un- 
dergo thermal deterioration and the resm binder .n 
the carbon paste is apt to deteriorate. 



Example 3 

Similar to the procedure described in Example 
M 1 electrodes were formed on an msulafve base 
and after polishing, were thermally treated at 
TrjJc for 4 hours. Thereafter, an aqueous solution 
of albumin (50 mg/m.) was dropped I over the _ sur- 
face of the electrode portions 13'. 14' and 15 and 
so aZi o stand for 5 - 10 minutes, followed by 
w Sg with water to remove an excess of the 
Ilubmin and drying. By the above procedure, the 
albumin was adsorbed on the respechve electrode 

M ^ Afte S ; formation of the electrode system partially 
covered with the albumin, sensors for glucose were 
made in the same manner as in Example 1 . 

A serum sample containing about 90 mg/dl of 
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the same manner as m Example 1 . faooa V 

assess 

SSESsSss 

similar results are obtained. 
Example 4 



in the same manner as in Example 3 an 
TZX placed white controlling the height by 



Retorted through the electrode system. 
' 5 C ° Ul t iTSi that the technique ol Integra 

20 ^ ^TtvCtf Materials .or the liquidating 
.aye^ he sample addition layer and the Ration 
y ™* limited to those shown in the exam 

- !h hndv 18 the potassium ferr.cyan.de 
Sed t he exempts is convenient because the 

rSJESU". indophenol methylene ue 
p'henazine methosuHate. J^V^ 
naphthoquinone-4-sulfonate and the hke may 

46 Glucose oxidase has been used as an 
has very high utility in clinical examinations. 



LIST OF REFERENCE NUMERALS IN THE 
55 DRAWINGS: 



1 

2 



support 
reagent layer 
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3 
4 

5, 21 

6 

7 

8, 14, 14' 
9, 13, 13' 
10, 11 
15, 15' 

16 

17 

18 

19 

20 

22 

23 

Claims 



developing layer 

waterproof layer 

filtration layers 

small hole 
insulative substrate 
measuring electrodes 
counter electrodes 
leads 

reference electrodes 
insulative layer 
holding frame 
perforated body 
resin cover 

sample-accepting layer 

resin plate 
liquid-retaining layer 



5. 



75 



20 



6. 



i a biosensor of the type which compnses 

an insulative base (12) having an electrode 
svstem which includes at least a measunng 

cose oxidase. 

order. 45 

3 A biosensor according to Claim 2, wherein a 
3 ' £ iayer (21) is provided ***** 

retaining layer (23) covering sad electrode 
system. 50 

4 A biosensor according to Claim 2, wherein , the 
elecSe system mounted on said «*• 
base U covered with the liquid-retaimng layer 
S whose height is regulated with two res. 

ota M (22); a filtration layer (21). said perfo- 55 
S body (18) and said sample addition layer 

(17 ) are placed on the liqu.d-reta.nmg layer 



m> and said holding frame (17) is fixed to 

than the outer diameters ot sa.a pen 
Kr Si and said sample addition layer (20). 

e? electrode, polishing the 

.Lrtive electrodes, subecting the pol.snea 

Eodestl thermal treatment at a temper. 

Tftn-170'C for 1-8 hours, covering the 
ture of 60-170 C tor ^ 

electrode system parnaiiy «•»' 
« LdJe by adsorption, covering the elec 

£L svstem 3h a perforated body having an 
trode system P» there . n and 

S^mLin^d perforated body with 
32ectrode system and said insulative base. 

A method for producing a biosensor according 

effected at a temperature of 70 to 15U o 
hours. 

Pateritanspriiche 



trodensystem. das wenigstens eme Mete ek 
Mda (14 14') und eine Gegenelektrode (13. 
S umLt und das mit einem perfonerten 
Kbrpe (18). der ein Enzym und einen Elektro- 
nZLpto aufweist, bedeckt ist. wobe, der 
nenaKzepru dem E , eWr0 . 

Sen^tem und er Lis (12) integriert zu- 
densystem unu Biosensor eiek- 

Sen ener Oxidoreduktase. einem Elektronen- 
Septo u J . einer flUssigen Probe eriolgende 
S^ohsanderung einer M-JJJJ 
telt urn die Konzentration ernes Substrats «n 
S^nanntenflOssigen Probe zumessen. da- 

Glukoseoxidase bedeckt ist. 
ist. 



EP 0 230 472 B1 



10 



70 



75 



schicht (23) befindet. 

Biosensor nach Anspruch 2, wobei das auf der 
fsoSen Basis angebrachte Ele^odensy- 

mit der HUssigkeitsrQc^^ 
deren Hone mitte.s zweier Harzp.a ^ 
gestellt wird. bedeckt » und e,ne R«n« 
Schicht (21), der perforierte Korper (18) und 
atSobenninzufOgeschicht (20). «»s e,- 
Z Halterahmens aus Harz (17) gehalten wer- 
den. auf die FlOssigkeitsrOckhattesch.cht (23) 
neteqt werden und der Halterahmen (17) an 
£12*** -rd sowie sich auf der oberen 
oLflache des Halterahmens M I e,ne Ha- 
abdeckung (19) befindet. d.e e.ne Offnung auf 
weist deren Durchmesser kleiner .st als d.e 

(18) und der ProbenhinzufUgesch.cht (20). 

5 verfahren zur Herstellung eines Biosensors 
nach Anspruch 1 . umfassend: 

. Bereitstellen einer .sol.erenden Basis 
. Aufdrucken oder Anbringen einer Kohlen- 
stoffpaste auf der Basis, um das Elettro- 
derisystem mit wenigstens einer MeB- 
elektrode und einer Gegenelektrode zu 

- PolSen der Oberflachen der entspre- 
chenden Elektroden. 

- thermisches Behandeln der pol.erten 
Elektroden bei einer Temperatur von 60 
bis 170' C fur eine Dauer von 1 bis » 

- SSs Abdecken des Elektrodensy- 
stems mit Albumin oder Glukoseox.dase 
durch Adsorption. 

. Bedecken des Elektrodensystems mit ei- 
nem perforierten K6rper, der ein Enzym 
und einen Elektronenakzeptor aufweist, 

- iritegriertes ZusammenfUgen des perfo- 
rierten KSrpers mit dem Elektrodensy- 
stem und der isolierenden Basis. 

6 verfahren zur Herstellung eines Biosensors 
nach Anspruch 5. wobei die thermische Be 
handlung bei einer Temperatur von 70 b.s 
150* C fOr 4 Stunden erfolgt. 



de comptage (13. 13') et qui est recouvert d un 
corTfSrforMia) comportant une enzyme et 
un accepteur d'6lectrons. ledit corps perfore 
anSt fait d'un seul bloc avec ledit d.sposi- 
S d'Sesetladite base (12). dans ta£ 
edit biocapteur detecte electrochim.quernent 
une vSon de concentration d'une substance 
s p oduisant lors de reactions entre une oxy- 
doreductase. un accepteur d'electrons et un 
ec antillon de liquide. pour mesure, Ja c^cen- 
Lion d'un substrat dans ledit echantillon de 
liquide, caractSrise en ce que : 

ledit dispositif d'electrodes est fait princ- 
palement de'carbone. et la surface d'au moin 
Lie electrode de mesure est recouverte d al- 
bumihe ou de glucoseoxydase. 

2 Un biocapteur suivant la revendication 1 . dans 
* tequel "edit dispdsiti. d'electrodes est recouvert 
d'une couche (23) retenant le l.qujde dud 
corps perfore (18) et d'une couche (20) d add, 
tion d'echantillon. superposes dans cet ordre. 

3. un biocapteur suivant la revendication 2, dans 
,le°une couche de filtration (21) est placee 
2t couche (23) retenant le liquide qu, re- 
couvre ledit dispositif d'6lectrodes. 



25 



Revendications 



1. Un biocapteur qui comporte : 

une base isolante (12) comportant un d.s- 
positif d'electrodes qui inclut au moins une 
Strode de mesure (14. 14') et une electrode 



4 Un biocapteur suivant la revendication 2. dans 
30 leque. le dispositif d'electrbdes monte sur I d, 
te base isolante est couvert par la couche (23) 
etenant le liquide dont la hauteur est regufce 
par deux plaques de resine (22); une couche 

de filtration (21). ledit corps perfore (18) e 
ladite couche d'addition d'echantillon (20) qui 
35 Sl maintenus par un chassis (17) de main- 
tie n en resine sent places sur la couche re e- 
nant le liquide (23). et ledit chassis de m™ 
"ten (17) est fixe a ladite base ; et un couvercle 
en res ne (19) est place sur la surface supe- 
40 222* chassis de maintien (17) et com- 
porte une ouverture dont le diametre est plus 
que les diametres exterieurs dudit corps 
^ (18) et de ladite couche d'add.tion 
45 d'echantillon (20). 

r un orocede pour prdduire un biocapteur sui- 
5 - LTVeld'icatio'n 1. consistent a : produce 
une base isolante. imprimer ou a PP l,quer une 
oate de carbone sur ladite base pour former 
50 Sn dispositif d'electrodes comportant au mens 
une electrode de mesure et une electrode de 
comp age. polir la surface des electrodes res- 
pSes 9 so'umettre les electrodes pol.es a un 
traitement thermique a une *mperature de J 
a 170' C pendant 1 a 8 heures. couvnr partiel- 
lement le dispositif d'electrodes avec de I a bu- 
STou de la glucose-oxydase par adsorpfon. 
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couvrir le dispositif d'electrodes avec un corps 
perfore comportant une enzyme et un accep- 
ted d'electrons, et combiner en un seul bloc 
ledit corps perfore avec ledit dispositif d elec- 
trodes et ladite base isolante. 

Un precede pour produire un biocapteur sui- 
vant la revendication 5. dans lequel le tra,te- 
ment thermique est effectue a une temperature 
de 70 a 150° C pendant 4 heures. 
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@ BIOSENSOR AND METHOD OF MANUFACTURING SAME 
<S\ The electrode systems (13, 14. 15) consisting mainly of 

dectrode systems are coated with an .nsuletmg layer (16) 
whTpartsW. 14'. 15'l thereof being exposed. A porous 
membe . which retains oxygen and electron , receptors 
hereon end a retainer frame (17) are then provided on the 

opening with the diameter smaller than that of he porous 
member (18) is then placed on the resultant product, and all . 
M parts are combined integrally. Owing to such a con- 
2 Bn inexpensive disposable biosensor capable of , 

Wten heat-treated at 60-170X for 1-8 hours dunng the form- 
Tn of the electrode systems, the preserver , s«b,hW o 
the biosensor can be improved. By subjecting *a «^»«« 
the measuring electrodes to a protein rt™"™*™"* 
the dispersion of response currents can be prevented. 
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SPECIFICATION 

TITLE OF THE INVENTION*. 

BIOSENSOR AND METHOD FOR MAKING THE SAME 

TECHNICAL FIELD; 

This invention relates to a biosensor for 
quantitatively determining specific components in various 
biological samples accurately, rapidly and simply and 
also to a method for making the same. 
TECHNICAL BACKGROUND: 

In recent years, a variety of biosensors have been 
developed using specific catalytic actions of enzymes, and 
their applications to the cl inical and examining field have 
been attempted. As inspection items and .specimens are now 
increasing, there is a demand for biosensors which permit 
15 rapid and accurate measurements* 

With a sensor for glucose, for instance, since 
diabetics are drastically increasing in number, the 
ro easurement and control of blood-sugar levels by hitherto 
employed procedures in which the blood is centri fugged to 
20 obtain plasma and subjected to the measurement, takes a 
relatively long time. Thus, a sensor of the type which 
enables one to measure it with the whole blood is now 
required. In the simplest form, there is known a sensor 
which includes, similar to a urine test paper, a support and 
25 a carrier formed on the support and containing an enzyme 



0230472 



a n Ave which undergoes a 

r ..e t in 8 * '" 6 *" „ ulth . product 

<-4 m * of the enzyme reaction or w 
change at the time of ^ ^ 

, during the enzyme reaction. The 
f ormed during after . certain period 

the carrier, and a change ^ 

. uisua ny or optically, no 

flppU e.«on » 9uBerpo=ed . re89 en t 

o » developing layer o, 

* the filtration layer 5, to I l owe 
removed by means of uate rproof 

titration from a small hole 6 
uniform xnfxltratio 1&y6r 

• - .„ developing layer 3. ftt wi 
•*+>«» reaction i 1 1 »' 

the reat i to measure a 

u ^ -transparent support 1 to 
arrow through the transp compared with 

«ntration by spectroscopy. As c p 
substrate concentratio 



- 2 - 



, » i « 



' &290472 

• • ■ * 

•4- ^kes a long time for the 
improved. However, it takes a 

«f the blood corpuscles, so 
*•! nation and the reaction of the 
infiltration ana samP le from 

* i»ver 4 for preventing the sample 
that the uaterproof layer 4 ro _ 

i ult h an attendant problem that the 
5 drying is essential , uith 

, " . ■ Mr .,-ier become complicated, 
equipment and the carrier oe 

u ^4 - biosensor of the type as shown in 
On the other hand, a biosensor aid . ope n 
noosed (for example, in Japanese Laid open 
Fig. 2 has been proposed tro 

t . hMb 59-166852) as a system in which a 
Patent Application No. *: ta tively 

d e^ine, in high — , .ithoo, — n 9 « ~ 

^- ~ a liquid sample and 

— - d,,uti ,l in—- — • 

This biosensor includes an 

„ — ve ^ ^ _ ^ portjons of 

T . .nd . oxydo . reductas . - . 

these electrodes and carries 

these . . dropped on the 

el .ct~n acceP-. «-.*.»*«! —" »* ^ 
p^- Bed,. *. „orf~*«~ - ^ 

oerforated boy dissolve m the 
on electron acceptor in the pertora 

- — - — ~ 

.„ the liquid sample to proceed. As a 
substrate in the I mu* 

tor is reduced. After completion of the 
electron acceptor is reou 

thp re duced electron acceptor is 
enzyme reaction, the reduc 

, • ally oxid ized and a concentration of the 
25 electrochemical ly oxio* 
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- ! 1.W * r.pUcin, the Perfor.ted body 

" erf ° rmed " ddit ona ^eedur... — »• ~ 
„. MU r«».ht, edd.t^nel pr 

t , * , th. electrode »y»tem. If pw 

- — — — ,r 
: •-* — rrr - 

. i -t-he system would be very 

. , hod „. , ^ .^oration ~thod, th*y 
by a sputtering method or a va 

. ore . ts „ «- ° f *• - ,>ufactur ;: . 

In order to » — " * , _ 

, . „w rapidly and in high 
i „. .^K as blood simply* 
, oioWc.l — I- «* bl uHch „„ yield 

accuracy. • deeireble type of sensor .= 

* only by addition of » liquid ssspIs « the 
...events only by _ ^ ^.^ 

sensor -ithout dilution or ue.phxnp. 

7*. disposeble type ie -ireble uhich doee not 

involve any procedures ouch as uashinfl* eempl inP» and the 



20 

like- 



25 



DISCLOSURE OF THE INVENTION! 

A Biosensor accordino to the inuent.on - of tyP 

. ineul.tiue beee end en electrode uh.t or 

uhi ch ccpr.ee. en ne ^ . 

system comprising, at least, 



- 4 - 
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counter electrode and in uhich an oxydo-reductase . an 
ele ctron acceptor and a H.uid sample -acted with one 
another and a variation in concentration of a substance 
occurring durin* the reaction i* electrochemical detected 
5 by means of the electrode system to determine a 

concentration of a substrate in the sample liquid. In thxs 

tk. electrode system is made primarily of carbon 
biosensor, the elecxroac 

and is covered uith « perforated body carryins en oxydo- 
reductase and an electron »«eptdr therein so that the 
10 electrode system and the base are inters, ly constituted. 
The electrode surface has been preliminarily coated uith a 
protein, so that an influence of Proteins in samples, such 
, 8 blood, on the electrodes by edsorption can be mitissted. 
Once the carbon electrodes have been subjected to a heat 
„ treatment in a predetermined temperature ran,., the 

electrodes become stabil ised uith respect the ectiuity or 
,t.t. on the exposed portion,, thereby improvin, stor.„e 
Ability. moreover, when the electrode system and the b... 
ere formed inte 0 rally uith nPt only the Perforated bo*, 

h avin, an oxydo-reduct d an electron acceptor, but also 

. sample addition layer, a filtration layer and a Hou.d- 
retainin, layer, one can cause the enzyme reaction uith a 
eubstr.te in 1 iouid sample and the electrode reection of the 
electron acceptor to proceed more smoothly. 

According to the invention, there is provided a 
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t the *— «~ ine, ° dinS ' > 
"T !T» « *Un . conc.ntr.ticn » . 

Retrod. content r.tion in *» 

dilution and weighing. 

-TTT : — "T- • - - " 

FlS * u +ic vie u of a known sensor for 

2 is a schematic view o 
glucose*, Fig. * , c;« 3 is a schematic 

«n enzyme electrode? Fig. * « 
x0 glucose using an ^ embodim ent of the 

initio; Fig. & d 7 ar e. respectively, 

response chsrscter^cs of . bio ,.nsor eccoroin, to 

Example 1 bribed as one embodiment of 

2Q A sensor for «lu for 

Fig . 3 shows one embodiment 
8 biosensor. const ituent parts. A 

g , UCO se and is an eroded ^ ^ ^ ^ 

. ^ DflS te containing 

conductive cerbon ^ q ^ of 

b - -7; :;r^..te ta - - — -*~ . 

25 polyethylene terep 
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fB , lou .d by beatin, - *• f °™ - 

COT sistin 9 Of . counter ei.ctrode 13, a ....-in, ".LctTO* 

« tetrode 15. The electrode system is 
14 and a reference electrode a J 

„ rti .n, -.red. af«r *l* - *"«'««" — "■""^ 
» closed of . poster i- ^ to *» "".."T " 

(MCh X - 2 in area) of the active e.ectrodes as 
ele ctrocbesica, sites. fo"ou.d by beatino to for. an 
^ui.tive ..yer 10- Subseouent.y. *• exposed Portion, 
10 13 -, la' and 15' are PoHsbsd and subjected to heat 
treatment in air at 100°C for 4 boors. 

Tberoafter. a punched bo. din, frase 17 of a synthet.c 
resi n sucb as a Popster is adbered to tbe insoiatio. l.yar 
U A Perforated body 18 bavin, an enzyme and an electron 
» acceptor is pieced ,n the bo,e of tbe fr.»e 17 so that tbe 
el ectrodes 13'. 1*' and 15' are cosplete.y covered. res.n 

disaster of tbe perforated body 18 is adbered. thereby 
' ^ainino an int.3r.Uy assessed sensor. Tbe Sect.ona, 
20 „ieu of tbi, biosensor taken a,on 9 tbe tbe aeasurin, 

. c . , Th e perforated body used 
electrode 14 isshoun >n F.P- «• 

aD c„e is fabricated as foUoua. a ny,on n on- U o.en fabr.o 
p^ded as a base, tbe bese is dipped in a so ut.on of 00 
mg OT jocose oidase as an oyydo-r.doct.se and 400 ^ 
2 S potassiu. ferricyanide as an eUctron acceptor d.ssCoed „ 
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• • • * ' ' 

, . Buffor oolutlon containing 0.2S wtSt of 
rf . pnoopn.*. „W^ 
.orfoo. ootlv. wont <Po1y.*** e6nt .i„in S 

. oH of 5.6 and iamorood in o«wn 
„d hO-no f ^ crystslUl . tlon! .nd 

0 . 25 g « of . und . r reduc . d , P .n«~ « 

5 the thus immersed base is 

" ^TndlTol'lon P« Ui d.d .0 0 

u „ droPP-d „ *. P _ a pu , M ^„ of 

..noor. T.O «nut.s of- ^ by ^ 

- TOO .V ^ - - — 
• nQ electrode was polarxzea 
„ r n 9 peKti oith p0tMslu „ _ 

,„ thlO c„e. tne conta . ned 

^icvonid. » *. «*- of tK. . y>nide _ 

,„ *. Porfor.^ » - 7 ^ the „ odic 

, . „ n * the pulse voltage Tor ^ 

polarizatxon, ootassium ferrocyanide is 

^ n-F -the formed potassium 
concentration of the concentration 

, • «d this current value corresponds 
obtained. ,nia 

--«r£2r=- 

20 ■ «rf the voltage and a slucose 

a* «fter application of the vo 

i- „ « u.ry good linearity, 
sensor, revealing a very 9 

le 2 • sensor for glucose as 

The Procedure for fabricating the sens 
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described in Example 1 u.« repeated except that the 
ther » al treatment after pel ishin. of the carbon electrode, 
uas .ffectad at !00°C. T0°C, <0°C and 50°C. and that the heat 
treatment — not effected, thereby fabricate a plurality 
of eensor, for each c.ee. Thee, sensor, uere kept at 30 C .. 
end their variation in response to the slucos. standard 
solution uas determined. Fi,. * show, a variation of a 
response current relative to an initial response current 
taken as 100=-. for the sensors usin, the electrodes thermally 
treated at different temperatures. As vill be clearly seen 
from the fisure, the variation of the response accompanied 
by the stor, 9 e is not so 9 r.at uhen the treatino temperature 
i. 6 0°C or higher. Houever. such a variation is great for 
50*0 and also for the non-treatment. This is considered to 
result from the fact that the exposed surface portion of the 
polished carbon printed .Uctrodes U not stabilised. Uhen 

the electrode surface uas not polished, a response current 

about 1/3 of that of polished electrodes. The 
difference in response current between the polished and non- 
, peUshed e.eetrodes is considered to be attributed to 
partial covering of the carbon surface uith a resin 
component contained a, a binder in the Paste. Po, ishin. can 
remove the resin binder from the carbon electrode surface 
end can uniformly smooth the electrode surface. In 
, addition, the heat treatment at temperatures not louer than 
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«*. P r.f.r. b W 40 - iWC. for 1 - 8 hour. per.lt. th. 
the elt po..d .iwtrod. portion to b.eom. .t.bili»d. 

AcoordiM to our m*rim*». ■*» *• h "* 
u „ .ff.ct.d .t . t..P.ratur. of 70 - »»°C for » hour., pood 
wor. obfln.d in th.t th. variation in robpon.. 

current .f tor Storage u» uery 

W r^tt dt b. Obtained uh.n the heat treatment 

t. effected at t«*.ratur.d not hi S her then 50°C .. 
ois cu.*ed above. On the cbntrary, the he.t tr.dtp.dt .t 
t.«P.r.tur.P hi,h.r then !70°C .hou,d rathar be avoided 
b ec.u.e the po^thy^e ter.phth.lat. .ubstr.ta of the 
pensor tend, to underoo ther*a» deterioration and the re. in 
binder in the carbon part. i. «* « deteriorate. 
Example 3 

Similar to the procedure described in Example 1, 
electrodes were formed on an insulatwe base and, after 
polishing were thermally treated at 100°C for 4 hours. 
Thereafter, an aqueous solution of alubmin C50 was ^ 

droP ped over the surface of the electrode portions 13 , id 
0 an d 15' and allowed to stand for 5 - 10 minutes, followed b y 
washins with water to remowe an excess of the alubmin and 
dr yin 9 . By the above procedure, the alubmin was adsorbed on 
the respective electrode surfaces. 

a.- ~e +.K« electrode system partially 
After formation of the eiecxrooc 

25 cohered with the .,ub-in. — for ol ucoee uere pad. in 
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the same manner as in Example 1. 

A serum sample containing about 90 mg/dl of glucose u*s 
dropped in position of the 10 glucose sensors fabricated 
above. After 2 minutes, a pulse voltage of 700 mV was 
5 applied for Measurement in the same manner as in Example 1. 
Good reproducibility uas attained as shown in A in Fig. 7. 
On the other hand, glucose sensors were fabricated in the 
same manner as described above but using electrodes not 
subjected to adsorption with alubmin. these sensors ware 
» subjected to measurement in the same manner as set forth 
above. As shown in B in Fig. 7, the variation of the 
response current is greater than that of A. A and B are 
both indicative of the response current for 10 glucose 
- sensors fabricated in the same manner, but the difference in 
« reproducibility depending on the adsorption treatment is 

considered to ascribe to the difference in adsorbabil ity of 
adsorbates, such as proteins, in the serum sample on the 
electrodes. As is seen from A, the electrode, adsorbing 
• sufficiently with alubmin can prevent the response current 

20 from scattering. 

Instead of alubmin, an aqueous solution of glucose 
oxidase (100 mg/ml ) was used for the treatment in the same 
m anner as described above, with the result that the response 
characteristic of a high reproducibility was obtained. 

The proteins to be adsorbed should not be construed as 



results are obtained. 

5 Example A a lubm in-coated 

In the «~-- - l " EXa " P " 3 ' . . 

" te „ M , f or»ed * an inaul.ti*. b«e. 

Pia. 8 shows an expioae „ . 

M . A U ouid-ret.inln B layer 23 »ad. of . 

• SSMb " n " * fabric la plaeed, «*«• 

l6 ^fora^ed -on — «™ pl . tM 22 

cont roHin, the l-i** by * « 

ino a. a .paeer, .In order to cover an 

Th n a filtration layer » -* , <* » 

poVcrbonat. ^ » . folding fra*. IT. - 

enzyme and e.e ce Uulose non-woven 

of ^ ho,din, - ^ ^ or - 

" Tie l — t- - — M " bi " rtl °- 
a oher«d. tnereby ^ bioMn „ r 

..etiona, of th« t u shoun ^ Fig . , 
25 In the same manner as in 
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„iri. were incorporated in the perforated 
potassium ferncyamde were inco P 

dis U bod, 18. O.uco sore usin, this Perforated body 18 

uere fabricated. Tbe blood Cwhole blood! was edded to each 
eeneor. whereupon it was rapidly Spread ovar and throw* the 
entire surface of the sample addition layer 20. UhiU the 
e „ zy „ e .„d potassium ferricyanide in the Perflated body 18 
„ er e beino dissolved in and Permitted to react with the 
b ,ood. red cells -re filtered by ..ana of the filtration 

^ alone was absorbed in the 

layer 21. The resultant filtrate alone 

10 UoUid ret.inin, -aver 23. .Uowin, a reaction solution to 
b e collected on the electrode portions 13", W and 15 .» 
,„ amount enoush tb ca.ee th* electrode reaction to proceed. 
In this manner, the slucose in the b,o 6 d reacted in the same 
„.„ner aa in example 1 and a concentration of the .lucoae 
15 could be detected through the electrode System. . 

It will be noted that the technique of intesral 
„„,U, of a bioaenaor of the indention is not limited to 
tho se shown in the examples with respect to the ShapS and 
combination of the frame, the cover and the like. 

The t,pes of materials for the 1 iouid-retainin, layer. 
th e sample addition ,ayer and the filtration layer are not 
Umited to those shown in the examples, but any materials 
which meet the purposes of the invention may be used. 

On the other hand, reference has been made to. in the 
25 above examples, the three-electrode system. b.t the 
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measurement would be possible using a tuo-el ectrode system 
consisting of a counter electrode and a measuring electrode. - 

As for the electron acceptor incorporated in the 
perforated body 18, the potassium ferricyanide used in 
5 the examples is convenient because the reaction proceeds 
stably. On the other hand, p-benzoquinone is suitable for 
high-speed measurement because of the high reaction rate. 
Alternatively, 2,6-dichlorophenol indophenol , methylene 
blue, phenazine methosulf ate. potassium beta-naphthoquinone- 
10 4-sulfonate and the like may also be used. 

The sensors described in the examples may be applied 
not only to glucose, but also to systems relating to oxydo- 
reductases, for example, as an alcohol sensor, a cholesterol 
sensor or the like. Glucose oxidase has been used as an 
IB oxydo-reductase, but other enzymes such as, for example, 

alcohol oxidase, xanthine oxidase, cholesterol oxidase and 
the like may also be used. 
INDUSTRIAL UTILITY: 

The biosensor of the invention can be use to measure a 
20 specific component in various biological liquid samples 

rapidly, accurately and simply and has very high utility in 
clinical examinations. 
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UHAT IS CLAIMED ISi 

1 # A biosensor of the type which comprises an 
insulative base having ah electrode system which 
includes at least a measuring electrode and a counter 
electrode and in which a variation in concen trait ion of a 
substance occurring during reactions between an oxydo- 
reductase , an electron acceptor and a liquid sample is 
el ectrdchemical 1 y detected to measure a concentration of a 
substrate in said sample liquid, characterized in that said 
electrode system is made primarily of carbon and is covered 
with a perforated body having said enzyme and said electron 
acceptor and that said perforated body is integrally 
combined with said el ectrode. system and said base. 

2. A biosensor according to Claim 1, wherein said 
electrode system includes the measuring electrode, the 
counter electrode and a reference electrode. 

3. A biosensor according to Claim 1, wherein said 
electrode system is formed by application or printing of a 
carbon paste • 

4. A biosensor according to Claim 1, wherein the 
surface of at least the measuring electrode is covered with 
a protein. 

5. A biosensor according to Claim 4, wherein said 
protein is alubmin or glucose oxidase. 

6. A biosensor of the type which comprises an 



- 15 - 



. : . • • / T 

• 0230472 

insulative base hawing an electrode system which 
includes at least a measuring electrode and a counter 
electrode and in which a variation in concentration of a 
substance occurring during reactions between an oxydo- 
reductase, an electron acceptor and a liquid sample is 
el ectrochemically detected to measure a concentration of a 
substrate in said sample liquid, characterized in that said 
electrode system is made primarily of carbon and is cowered 
with a perforated body having said enzyme and said electron 
acceptor, a sample addition layer and a liquid-retaining 
layer superposed in this order and that said perforated 
body, said sample-accepting layer and said liquid-retaining 
layer are integrally combined with said base. 

7. A biosensor according to Claim 6, wherein a 
filtration layer is provided on the liquid-retaining layer 
covering said electrode system. 

8. A biosensor according to Claim 6, wherein the 
surface of said electrode system made of a carbon paste is 
covered with a protein. 

9. A biosensor according to Claim 6, uherein the 
electrode system mounted on said insulative base and 
primarily made of carbon is covered with the liquid- 
retaining layer whose height is regulated with two resin 
plates; a filtration layer, the perforated body and the 
sample addition layer which are held with a resin holding 
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frame are placed on the liquid-retaining layer* and said 
holding frame is fixed to said base; and a resin cover is 
provided on the upper surface of said holding frame and has 
an opening whose diameter is smaller than outer diameters of 
said perforated body and said sample addition layer. 

10 ♦ A method for making a biosensor characterized by 
comprising providing an ihsulative base, printing or 
applying a carbon paste on siaid base to form an electrode 
system including, at least, a measuring electrode and a 
counter electrode, polishing the surface of the respective 
electrodes and subjecting the polished electrodes to a 
thermal treatment at a temperature of 60 - 170°C for 1-8 
hours, covering the electrode system with a perforated body 
having an oxydo-reductase and an electron acceptor therein, 
-and integrally combining said perforated body with said 
electrode system and said insulative base. 

11. A method for making a biosensor according to Claim 
10, wherein the thermal treatment is effected at a 
temperature of 70 - 150°C for 4 hours. 



- 17 - 



Fl G. I 



_i 



'7- 



» x x id Ix * x 



A A A A 
A A A A 



OOOOO O O O 

o o o o o o o 
oooo oooo 



■4 

— 3 

— 2 

— I 



02304*2 




Fl G . 4 



: 0230472 



_3/__ 




F I G . 5 




3 



(WA)5 




100 200 



CONCENTRATION 
OF GLUCOSE 



300 400 500 



. t ■ . • 4 ft .It.. 

022 13047:2 



H 

CO 

PS 

PS 



Fl G. 6 



to 

% 
O 

to 
w 

Pi 

bu 
O 

z 

O 
♦— « 

H 

< 

< 
> 



g 

w 

O 
< 

< 
X 

u 

< 
»— i 
f-» 



I00 # C 7tfC 
3 ^ /g== 60*C 




NOT THERMALLY 
TREATED 



0 

INITIAL 

CHARACTERISTIC 



STORAGE PERIOD AT 30°C (MONTH) 



F I G . 7 



h 4 

W 
P* 

CO w 

O 
0- 

LO 
Pi 

_ 2 
iiA 



B 



/ 



/ 
A 



A o A Z 



V 



3 4 5 6 7 8 9 
GLUCOSE SENSOR (NUMBER) 



10 



./Jfc2 394.72 



Fl G. 9 



.18 



K\\\\\\\\\\\\\\\y\f 

12 23 



16 



t 4 '1111 

0230472 

LIST OF REFERENCE NUMERALS IN THE DRAWINGS: 



1 support 

2 . . . • reagent 1 ayer 

3 developing layer 

4 . uaterprobf 1 ayer 

5, 21 filtration layers 

6,oooo.oo. sma 1 1 hoi e 

7 ♦ • i nsu 1 a t i ve substrate 

8, 14, 14' measuring electrodes 

9, 13, 13' counter electrodes 

10, 11 leads 

15. 15'...* reference electrodes 

16 insulative layer 

17 holding frame 

18 perforated body 

19........ resin cover 

20 sample-accepting layer 

22 resin plate 

23........ liquid-retaining layer 
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